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Abstract: Fermilab E781 plans measurements of 7-Sigma and 7-pion interac- 
tions using a 600 GeV beam of Sigmas and pions, and a virtual photon target. 
Pion polarizabilities and radiative transitions will be measured in this experi- 
ment. The former can test a precise prediction of chiral symmetry; the latter for 
ai(1260) — > 7T7 is important for understanding the polarizability. The experiment 
also measures polarizabilities and radiative transitions for Sigma hyperons. The 
polarizabilities can test predictions of baryon chiral perturbation theory. The ra- 
diative transitions to the S* (1385) provide a measure of the magnetic moment of 
the s-quark. Previous experimental and theoretical results for and 7 17 interac- 
tions are given. The E781 experiment is described. 



1 Introduction 

Pion and 17(1189) polarizabilities and associated radiative transitions will 
be measured in the Fermilab E781 SELEX experiment [1,2]. Hadron elec- 
tric (a) and magnetic (f3) intrinsic polarizabilities [2 — 6] characterize the 
induced transient dipole moments of hadrons subjected to external oscil- 
lating electric E and magnetic H fields. The dipole moments are given by 
d = aE and by /x = /3H. The polarizabilities can be obtained from precise 
measurements of the gamma-hadron Compton scattering differential cross 
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section. They probe the rigidity of the internal structure of baryons and 
mesons, since they are induced by the rearrangement of the hadron con- 
stituents via action of the photon electromagnetic fields during scattering. 
For the light charged pion, chiral symmetry leads to a precise prediction for 
the polarizabilities [7, 8] . The experimental polarizabilities therefore subject 
the chiral perturbation techniques of QCD to new and serious tests. The 
availability of high energy U beams raises the possibility of investigating 
their Compton scattering polarizabilities and radiative transitions. The U 
polarizabilities can test predictions of baryon chiral perturbation theory [9] . 
The radiative transitions to the i7*(1385) can provide a valuable measure 
of the magnetic moment of the s-quark [10, 11]. 



2 Sigma Polarizabilities and Radiative Transitions 

Electromagnetic interactions of Z"s can be studied [2, 11] in FNAL exper- 
iment E781 with high energy E beams via the Primakoff interaction of an 
incident U with a virtual photon in the Coulomb field of a target nucleus of 
atomic number Z. The 'jU Compton scattering and associated polarizabili- 
ties are studied [2,11] by detecting the final state 7-ray and U in coincidence. 
The final state Sigma or other charged particles will be measured [1,2] in 
magnetic spectrometers, while final state 7-rays will be measured with lead 
glass electromagnetic calorimeters. The laboratory decay length (L = 7/3cr) 
for very high energy Z"s exceeds ten meters, so that magnetic detection is 
possible. Transition radiation detectors upstream of the target and ring 
Cerenkov detectors downstream will provide particle identification [1] . The 
decay signature for S*(1385) 3/2+ production is clean as it decays to An, 
and the A to n~p. Such radiative transition studies were first suggested 
by Lipkin [10] and considered in more detail afterwards [2,11 — 15]. The 
U° — ^ A'y radiative transition (lifetime) was measured in this way [15] using 
a A beam, and this to date is the only precision hyperon radiative transition 
measured. Because radiative transitions involve the well understood electro- 
magnetic process, they provide precision tests of the quark wave functions 
characterizing the configurations of the low lying excited states of hadrons. 

The U + (uus) and U~ (dds) baryons are of interest because electro- 
magnetic observables are particularly sensitive to their underlying quark 
structure [11]. The S + differs from the proton only by replacing the d 
quark by a strange quark which also has charge -1/3. Thus, any difference 
between the electromagnetic properties of the U + and proton can only arise 
from flavor SU(3) symmetry breaking. The two U states are isospin mir- 
rors of one another, symmetrically placed in the same flavor SU(3) octet 
and have very similar strong interactions. However, their electromagnetic 
interactions are completely different because the U + , like the nucleon and 
E° ', have valence quarks of two flavors having the opposite sign of electric 
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charge. External electromagnetic fields therefore exert forces in opposite di- 
rections on the two flavors and rotate spins in opposite directions, thereby 
producing internal excitation. The U~ on the other hand, and also the E~ , 
have three valence quarks all with charge -1/3, and the principle effect of 
an external electromagnetic field is to exert forces in the same direction on 
all three valence quarks and rotate their spins in the same direction. This 
produces no internal excitation. We discuss below experimental implications 
of this effect, first noted [10] by a selection rule involving the U-spin SU(2) 
subgroup of SU(3). U-spin is conserved to all orders in any combination of 
electromagnetic interactions and strong interactions invariant under SU(3). 
The resulting SU(3) prediction is that the Primakoff excitation U~ — > U*~ 
is forbidden, while excitation of U + — > U* + is allowed. The U-spin values 
of interest are U=l/2 for E~, E+, r+(1385) and U=3/2 for £"(1385). 

The El and Ml U transitions are related to the intrinsic electric and 
magnetic U polarizabilities. We will elucidate below this connection, which 
can be tested experimentally. Hadron electric (a) and magnetic (/?) in- 
trinsic polarizabilities characterize the induced transient dipole moments. 
During 7-hadron Compton scattering, the lowest order scattering (Thom- 
son) is determined by the charge and magnetic moment. The next order 
scattering (Rayleigh) is determined by the induced dipole moments. The 
Compton cross section data determine the Compton polarizabilities a and 
(3, expressed here in Gaussian units of 10 -43 cm 3 . The angular distribution 
formulae for low 7-ray energies in terms of a and j3 for 7p scattering are 
given by Petrunkin and Lvov [4, 5] , and similar expressions apply for the U 
hyperons. Perturbation theory for the U + , U~ , and proton polarizabilities 
can be applied, leading to the expressions [4] of Petrunkin: 

2EI(0|<W! 2 , le 2 , 2l n . An m 

Here d = ^ekr^ and fi are the electric and magnetic dipole operator 
respectively. We obtained [11] k = 0.68, 0.60, 0.26, and we use rms charge 
radii from lattice QCD calculations [11, 16] of R = 0.86, 0.96, 0.76 fm, for 
the proton, U + , and U~ respectively. The first and second terms in these 
equations give the intrinsic and center of charge oscillation contributions, 
respectively. The sums are over all El and Ml excitations. The intrinsic 
polarizabilities probe the internal structure of baryons and mesons. 

Many theoretical and experimental polarizability studies have been made 
for the proton and neutron [17, 18]. In the proton polarizability calculation 
of Weiner and Weise [18], the intrinsic part is mainly due to the charged 
pion or kaon cloud surrounding the proton core. Only two calculations were 
reported for the U. One is a simple non-relativistic quark bag calculation 
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[4, 11] with no cloud. The second is via heavy baryon chiral perturbation 
theory [9]. Calculations are in progress by Lvov [5] for the Sigma Compton 
scattering with a dispersion relationship approach. Such an approach is 
needed to account for the effects of inelastic reactions such as — > ttA. 

The odd parity E*l/2~ and r*3/2" states near 520 MeV excitation 
above the nucleon have the s orbit strange quark promoted to the p orbit; 
and also excitations of the nonstrange quarks. The intrinsic contribution 
of eqn. 1 can be evaluated using closure by saturating the sum over these 
states, giving [2, 11]: 

a E+ „ J_ + y 2 + 2 ^2 (r^) 2 4 4 1 _ 
h AE ^Z-j Hi l > 1 1 3 AE v 9 9 9 J J 

The intrinsic magnetic polarizability can be evaluated by saturating 
the magnetic dipole excitations with the U + to 17(1385) transition, giv- 
ing [4,11]: 

(4) 

where is the U + magnetic moment. The U + to U* magnetic dipole 
transition matrix element is written in terms of the U + magnetic moment, 
following the non-relativistic quark model. For 0%+, the magnetic dipole 
transition to the U* 3/2 + resonance saturates the magnetic dipole excita- 
tions, in analogy to the nucleon to A transition; the proton and U + have 
the same matrix element expression as members of the same U-spin dou- 
blet. For the proton intrinsic magnetic polarizability (3 P , the analog of eqn. 
4 gives [4] (3 P m 7.4 . 

Consider matrix elements for magnetic moment operators [i between 
states having the quark constituents of nucleons and Z"s. In the SU(3) 
symmetry limit, the contributions to the magnetic moment of the odd d 
quark to fx p and of the odd s quark to are equal. Consider experimental 
tests of SU(3) breaking mechanisms based on the assumptions that the u- 
flavor contributions to (i p and are equal, and that SU (3) breaking only 
occurs in fi s . One can then show [11] that the strange contribution to the 
magnetic moment is suppressed by an order of magnitude: 

^+^- K (r+|,,|r+ >ag on ±0Q4 

Hp + 2/j n {p\ n d \p) 

The main physical difficulty is in the small value of the d quark contribution 
to the proton moment and the large contribution 2.45 n.m. of the u quarks. 
If the u quark contribution to Hz+ is the same 2.45 n.m. as in the proton, 
then the experimental value = 2.42 ± 0.02 n.m. can be fit only by 

requiring a nearly vanishing s quark contribution. That the strange quark 
contribution to fix: is suppressed can also be seen by comparing the strange 
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contributions to fis and fx a- The contribution to fis is only 6% of the 
strange contribution to \ia [11]. 

Experimental data on related processes may give additional insight. One 
such process involves octet-decuplet transitions for nucleons and Z"s. It will 
be interesting to measure these transitions and compare their systematics 
with those of the magnetic moments. In a description of SU(3) symmetry 
breaking in the U~ to U*~ transition, the ratio of Ml decay widths or of 
intrinsic magnetic polarizabilities for the U~ and proton can be estimated 
as [10 - 12]: 

r( P ^A+) ~ (M A+ -M P )P P ~9 (1 ~°- 01L (6) 

Here fi s and fid are empirical magnetic moments of s and d quarks (estimated 
in a simple additive quark model [19] using proton, neutron, and Lambda 
magnetic moments, as fi u = 1.852/tjv, fid = —0.972^, fi s = — 0.613// at), 
the s and d values unequal due to SU(3) symmetry breaking. As shown in 
eqn. 5, fi s may be significantly lower than the value fixed by the Lambda 
magnetic moment; which would significantly increase the predicted decay 
width of eqn. 6. Following the assumptions underlying eqns. 5-6, the U~ 
Ml transition width directly determines the relative magnitudes of the s 
and d-quark magnetic moments. Explicit quark model calculations [20] give 
a larger value of 0.034 for the ratio of eqn. 6, with r(Z*+) = 104 keV [20] 
and 117 keV [21]; and r(E*~) = 2.5 keV [20]. These calculations correspond 
to r(A + ) = 74.3 keV using eqn. 15 of Ref. 11. The A radiative width of 
the model is smaller than the experimental value, but this should not affect 
the reliability of the ratio calculation of eqn. 6. One expects from eqns. (1- 
4,6) to observe very large and very small values of the intrinsic magnetic 
polarizability for the U + and E~ , respectively; and similarly for the U* 
radiative decay width. The predictions [11] a E + =20.8, a E - =5.7, j3 E + = 
8.5, fis- = 0.12, (3z+ = 1.7 , (3jj- = -1.7 satisfy this expectation. Bernard 
et al. [9] predict quite different values. 

The £ beam at FNAL is polarized, so that asymmetry measurements 
are possible; as in the recent study [22] of the U — > p-y weak decay. Asym- 
metry data can also be of value for the U polarizability determination. For 
radiative transitions, they are sensitive to the Ml or E2 nature of the ex- 
changed photon, and therefore to the L=2 admixtures. The ratio E2/M1 
of these amplitudes is a subject of considerable current interest [23, 24] for 
the nucleon to A transition; so that measuring this ratio for the U* (and 
S*) will be extremely valuable. It was suggested [2, 11] that the ratios may 
be different for U*, S*, and A, given that the s-quark mass is significantly 
heavier than the d quark mass. Recent calculations [25, 26] give predictions 
for such transitions. 

We consider now the event rate expectations and backgrounds for the S 
polarizability and radiative transition experiments. We give the signal and 
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background rates for a C 12 target. For higher Z targets, the Z 2 dependence of 
the Primakoff cross section compared to the A 2 / 3 dependence of the strong 
cross section backgrounds, will improve the situation. We take a t-interval 
up to 6.0xl0 -3 GeV 2 , where t is the four momentum transfer to the target 
nucleus, as discussed in section 3. We compare the £ expected rates to data 
and calculations for the n — > p'j radiative transition measurement [27] at 
156 GeV on a C 12 target. For the p to n transition, for this t-interval, the 
Primakoff cross section was 2.4 pb. and the strong background cross section 
was 0.75 pb; which gives a signal to background ratio of 3. The hadronic 
cross section falls [12,28] as 1/E (factor=l/3.8), while the Primakoff cross 
section rises as ln(E) (factor = 1.3). In addition, the Primakoff cross section 
has a coefficient K, given by: 

K ~ 2J* + l [ Ml-Mi ) la *^ [0 

Considering mass and spin values, the coefficient K is 7 times larger for the 
U* — > U transition, compared to the p — > ir transition. We take [11] also 
the widths r(E+) = 1000 KeV, and r(U~)= 25 KeV. These are fixed by 
the widths given above, normalized to the experimental width of the A — > 
N radiative transition. The theoretical A width calculation is roughly 10 
times lower than the experimental value. We assume here that the model 
calculation of width ratios is more accurate than the absolute values. We 
also assume that the strong backgrounds for the p transition are of the same 
order as those of the U transition. We obtain therefore the rough estimate 
of signal cross sections of 314 microbarns (^ + ), 7.8 microbarns (ZJ~), with 
a background cross section of 0.2 microbarns. The count rates expected 
are very good, via comparison to the rates explicitly given later for pion 
polarizability, with a roughly 4.0 microbarn cross section. Furthermore, the 
width of the mass distribution for diffractive production of U — > An~ is 
roughly 100 MeV, as shown in previous data, and calculations [29 — 31] for 
this process at BNL. Since the U* width is 36 MeV, and our mass resolution 
is 10 MeV, we will gain another factor of 2.5 from a mass cut. 

We consider also the background from the small E~ component in the 
beam. This decays 100% to An~ , and is therefore a background for the 
U*~ decay. The mass difference of 64 MeV between E~ and U*~ is large 
compared to the expected mass resolution of 10 MeV. This background can 
therefore be distinguished in the off-line analysis. The on-line trigger may 
reduce this background, by requiring the vertex of the detected pion to 
be centered at the target position. Other background reactions have been 
considered, but will not be discussed here in detail. These include the high 
cross section process of E~ — > U~tt° diffractive dissociation; and the U~ — > 
mv~ decay of beam particles. 
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3 Pion Polarizabilities and Radiative Transitions 

For the 'j-n interaction at low energy, chiral perturbation theory (%PT) 
provides a rigorous way to make predictions; because it stems directly from 
QCD and relies only on the solid assumptions of spontaneously broken 
SU(3)l x SU(3)i? chiral symmetry, Lorentz invariance and low momen- 
tum transfer. Unitarity is achieved by adding pion loop corrections to low- 
est order, and the resulting infinite divergences are absorbed into physical 
(renormalized) coupling constants (tree-level coefficients in LA 4 ', see Refs. 
([32, 33]). With a perturbative expansion of the effective Lagrangian limited 
to terms quartic in the momenta and masses (0(p 4 )), the method establishes 
relationships between different processes in terms of the L£. For example, 
the radiative pion beta decay and electric pion polarizability are expressed 
as: [7,8,32,33]: 

h A /h v = 32tt 2 (^ + L r 10 );a n = UlI + L r 10 ); (8) 

where f^ = 92.4 MeV [34] is the pion decay constant, tu and hy are the 
axial vector and vector coupling constants in the decay, and a/ is the fine 
structure constant. The experimental ratio h^/hy = 0.45 ± 0.06, leads to 
a n = -j3 n = 2.7 ± 0.4, where the error shown is due to the uncertainty in 
the h^/hy measurement. 

Other pion polarizability calculations [35 — 37] find values for d n ranging 
from ~ 4 — f 4. Holstein [7] showed that meson exchange via a pole diagram 
involving the ai(1260) resonance provides the main contribution (« T = 2.6) 
to the polarizability. The E78f high energy pion experiments can obtain 
new high statistics data for radiative transitions leading from the pion to 
the ai(1260), and to other meson resonances. For ai(1260) — > 7r7, the ex- 
perimental width [38] is r = 0.64 ± 0.25 MeV. Xiong, Shuryak, and Brown 
(XSB) [39] estimate this radiative width to be r = 1.4 MeV, more than two 
times higher than the experimental value [38]. With this estimated width, 
they calculate the pion polarizability to be a n = 1.8. A remeasurement of 
the ai(1260) width and of the pion polarizability will allow checking the 
consistency of their expected relationship. 

For the pion polarizability, Antipov et al. [40, 41] measured the 'jtc scat- 
tering with 40 GeV pions at Serpukhov via radiative pion scattering in the 
nuclear Coulomb field (n~ + Z — > n~ + Z + gamma). The final state gamma 
ray and pion were detected in coincidence. This reaction corresponded to 7 
+ 7T~ — > 7- + 7T — scattering for laboratory gamma-ray energies in the range 
60-600 MeV on a target n~ at rest. The data selection criteria at Serpukhov 
and E781 requires one photon and one charged particle in the final state, 
their total energy consistent with the beam energy, small t, and other po- 
sition, angle, and energy conditions. Only the angular distribution in the 
backward hemisphere were measured at 40 GeV. The angular acceptance 
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and detector threshold of the 7-ray calorimeter in E781 allows measuring 
more complete angular distributions than was achievable in the 40 GeV 
experiment. 

The pion electric polarizability was deduced [40, 41] in this low statis- 
tics experiment (~ 7000 events) to be a n = —f3 n = 6.8 ± lA sta t ± l-2 sys t, 
where it was assumed in the analysis that a n + (3^ = 0, as expected theo- 
retically [7]. An important result of s-channel (7 + w — > 7 + rc) dispersion 
sum rules [4] for charged pions is: a n + j3 n = 0.39 ± 0.04. This result can be 
used for high statistics data as a constraint in the data analysis. Charged 
pion polarizabilities were also deduced [42] from 77 — > tv + tv~ data which is 
related to the Compton scattering by crossing symmetry. Pennington [43] 
claims that such determinations are very insensitive to the polarizability 
value. This is so, since two-photon cross section data at low nn invariant 
mass agree well with calculations for a large range of choices of the (un- 
determined) position of the chiral zero. However, very different values of 
polarizability are associated with the different choices. 

In the radiative pion scattering experiments, it was shown experimen- 
tally [40, 41] and theoretically [44] that the Coulomb cross section scales as 
Z 2 and yields sharp peaks in t-distributions at very small four momentum 
transfers to the target nucleus t < 6 x 10 _4 (GeV7c) 2 . Background from 
other processes could easily be estimated and subtracted by extrapolating 
in t from events in the region of flat t-distribution of 3-8 xl0 _3 (GeV7c) 2 . 
The sources of these backgrounds are the coherent process of pion elastic 
scattering accompanied by gamma emission [44], contributions of pion (or 
rho) rescattering [42, 45], and higher cross section inelastic channels [27, 46]. 
Available calculations and data show that these backgrounds are manage- 
able, and that the signal to background improves [12, 28, 44] with increasing 
incident energy. 

One must also evaluate electromagnetic corrections to radiative pion 
scattering, where the requirement is to measure only single photon bremsstrahlung§ 
emission. Here the detailed properties of the gamma detector are important, 
such as the photon detector threshold, t-resolution, and the two-photon an- 
gular resolution. Such calculations were carried out [47, 48] for the conditions 
of the planned 600 GeV FNAL experiment. The corrections are at the level 
of 4%, and can be easily made. 

The polarizability Compton scattering and chiral anomaly processes in 
E781 represents a difficult triggering challenge. They have one negative 
charged track in the final state, and one or two 7-rays. This trigger rate 
must match that of the charm component of the experiment. The trigger 
problems are deadtime problems generated in the initial trigger levels when 
information from the 7-ray detector is not available yet for trigger rate sup- 
presssion. The first level of hardware trigger T is meant to identify a beam 
particle and an interaction in the target. However, a T trigger with multi- 
plicity 1 will generate a trigger for every beam particle, in contrast to other 
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trigger types which will fire at the beam interaction rate. To differentiate 
between a single negatively-charged Primakoff interaction product coming 
from the target and a non-interacting beam track, it is planned to have three 
hodoscopes to measure a vertical deflection angle of the outgoing track after 
the Primakoff target. We need to form a coincidence between the projective 
elements of the first two hodoscopes to form the track road assuming a beam 
particle, and then veto in a window around this road in the third hodoscope. 
The required electronics must give the decision in about 140 nsec, in order 
to enter the next trigger level on time. A simpler beam prescale trigger will 
also be used; which will help control systematic uncertainties. 

To specifically illustrate some of the kinematics germane to a FNAL 
experiment, the reaction: 

7T + Z -> 7T' + Z' + i (9) 

is considered for a 600 GeV incident pion, where Z is the nuclear charge. 
The 4- momentum of each particle is P n , Pz, P^', Pz' , k', respectively. In 
the one photon exchange domain, eqn. 9 is equivalent to: 

7 + 7r^7 / + 7r / , (10) 

and the 4-momentum of the incident virtual photon is k = P z -Pz>- The 
cross section for the reaction of eqn. 9 is described by the the well tested 
Primakoff formalism [27, 49] that relates processes involving real photon 
interactions to production cross sections involving the exchange of virtual 
photons. We have: 

da Z 2 a/ \F(t)\ 2 t — to da J7T 
dtdsdQ n s — m^ 2 t 2 dQ 

where da J7r /df2 is the unpolarized differential cross section for eqn. 10 (for 
real photons), t is the square of the four-momentum transfer to the nucleus, 
F(t) is the nuclear form factor (essentially unity at small t- values), yfs is 
the mass of the 771 final state, and to is the minimum value of t to produce a 
mass y/s. The analysis to determine polarizabilities by fitting the data use 
the known [40 — 42,50] formula for da 17r /df2. This cross section depends 
on the polarizabilities and on s and on ti, the square of the 4-momentum 
transfer between initial and final state 7's. We have: 

t = k 2 = —M(V) 2 , (12) 

where k is the 4-momentum transferred to the nucleus, and M(V) is the 
virtual photon mass. Since t = 2Mz(Ez>,i a b — Mz) > 0, the virtual photon 
mass is imaginary. To approximate real pion Compton scattering, the virtual 
photon must be almost real; M(V)<0.077 GeV corresponding to t < 6.0 x 
10~ s (GeV/c) 2 can be required in E781. In addition, 
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s = (IV + k'f = M( 7 tt) 2 , (13) 

where M('yn) is the 7 7r invariant mass. The minimum value for t [51] is 
given by: 

t Q ^{s-ml) 2 /A\P n \\ (14) 

corresponding to t ~ 5.4 x 10" 8 (GeV/c) 2 for y/s = 1.75m w at 600 GeV 
incident energy. The maximum of the differential cross section for reaction 
(11) occurs at t=2to, and the integral to lOOto gives essentially the entire 
cross section. 

With lead glass detectors [40, 41], a t- resolution a t ~ 6.0 x 10~ 4 (GeV / c) 2 
was achieved at 40 GeV. The t-resolution sets the experimental maximum in 
t for accepted events. The SELEX t-resolution will be 10 times worse. The 
strong backgrounds are associated with particle exchange, and such cross 
sections are known [12, 27, 28, 44] to fall rapidly with increasing energy. From 
this point of view, the t-resolution is therefore not a critical parameter for 
600 GeV experiments. The integrated Compton cross section up to t = 
6.0 x 10~ 3 (GeV/c) 2 grows [44,51] as ln(PTr), where is the laboratory 
incident pion 3-momentum. With strong backgrounds that decrease roughly 
as 1/E, the percent strong background would decrease for a C 12 target, from 
the estimated [44] 2.5% at 40 GeV to roughly 0.6% at 600 GeV at FNAL. 

The energy of the incident virtual photon in the pion rest frame is: 

E(V) = (s - m n 2 +t)/2m n ~ (s - m 7T 2 )/2m 7T (15) 

at small t; so that the energy of the photon is determined by s. The elemental 
cross section at low E(V) is a function of E(V), cos(9), a, j3; where 9 is the 
Compton scattering angle in the pion rest frame. In this frame, due to 
Lorentz contraction, the nucleus Z represents a transverse virtual photon 
pulse sweeping past the pion. One should require that E(V) be sufficiently 
low in energy, such that p meson production does not occur on-shell for 
an incident 7-ray on a target pion at rest. The 7-ray energy required to 
produce a p meson, not counting the p width, is given by u = E(V) = 
(M 2 — m 2 )/(2m 7r ) = 2.0 GeV. Considering the p width, one could limit the 
incident energy to be lower than 1 GeV, corresponding to s < 15.3m 2 . We 
will analyze the lower energy data for polarizability purposes, and at higher 
energies to understand the p and ai meson contributions. 

Consider the case of 600 GeV incident laboratory pions. The laboratory 
outgoing 7-rays emitted up to 5 mrad, and the corresponding outgoing pions 
emitted up to 0.3 mrad. The angular resolution for the pion is roughly 0.04 
mrad due to multiple scattering in the Primakoff target and in the in-beam 
tracking detectors. The gamma ray energies range from - 400 GeV, and 
the corresponding outgoing pion energies range from 200 - 600 GeV. The 
corresponding Compton scattering angular range is - 180 degrees in the 7r 
rest frame. In practice, the most forward Compton scattering angles are less 
accessible, as they correspond to the larger 7 -ray angles in the laboratory 
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frame which can miss the 7-ray detector, and where the 7-ray energies are 
also possibly below the detector threshold. But these forward angles are 
anyhow not sensitive to the polarizabilities, as discussed below. 

We consider the uncertainties achievable for the polarizabilities in the 
FNAL E781 experiment, based on Monte Carlo simulations. An important 
consideration is the information content [3, 51] of the data versus x and 
s, where x=cos(6>). Consider the fraction of the 77r Compton cross section 
arising from the a terms in the 77r center of mass cross section expression, for 
ct=6.8. High s values and back angles (large ti) have maximal information 
content for the polarizabilities. For example, the fraction of the cross section 
at back angles due to the polarizability term is only 5% at E(V) = 140 MeV, 
and roughly 30% at E(V) = 600 MeV. 

We consider initially a beam energy of 600 GeV, a C 12 target, and an 
s-range of 2. - 10. m 2 , corresponding to a Primakoff cross section of 4.0/ub, 
and E(V) = 70 - 628 MeV. We take the 7r-Carbon total cross section at 600 
GeV to be 192. mb, eight times the total inelastic 7r-nucleon cross section at 
600 GeV. We assume the simultaneous use of a 5% Carbon interaction tar- 
get and also a 0.3% Pb interaction target. We calculate below the event rate 
from the Carbon target, and will in addition have a factor of roughly 2 times 
higher rate from the Pb target. The probability P per inelastic interaction 
for a Primakoff interaction is then P = 4. x 10~ 6 /192. x 10~ 3 = 2.1 x 10~ 5 . 
The number of interactions planned [1] for E781 is roughly 3.x 10 10 , cor- 
responding to roughly 6.3 xlO 5 events for 4.0/ub. Including the Pb target 
events, the statistics are roughly 3 times higher. The trigger requirement 
for a vertical deflection angle of the pion of more than 100 /urad cuts the 
statistics roughly in half. The losses are mainly events at small s and ti, 
which minimally affects polarizability uncertainties. Other experimental ef- 
ficiencies and acceptances will lower the statistics. 

We cite here some Monte Carlo results for 600 GeV Primakoff experi- 
ments on Carbon, assuming the dispersion sum rule result a+/3 = 0.4 and 
also a=6.8. At 600 GeV, including the Pb target, for 580,000 events in an 
s interval (2.0 - 10.0)m 2 r , we find by fitting simulated data that a = 7.1 ± 
0.4, a+/3 = 0.3 ±0.1. The overall statistical error for polarizabilities will 
be improved from the expected higher statistics; and by additional data 
in the sensitive s-interval 10.-15.3 m 2 . Data in different s-intervals can be 
analyzed to give independent values for the polarizabilities, which will help 
control the systematic uncertainties. These Monte Carlo simulations show 
that the objective of obtaining pion polarizabilities with significantly smaller 
statistical and systematic uncertainties is realistic. 
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4 Conclusions 

The beams at FNAL and CERN invite hadron Compton scattering and ra- 
diative transition studies for different particle types, such as tc +■- K+>~, p, 
p, U, S, A hyperons, and others. The E781 experiment was described. Be- 
cause these transitions involve the well understood electromagnetic process, 
they provide precision tests of the quark wave functions characterizing the 
configurations of the low lying excited states of hadrons. The 600 GeV beam 
energy at FNAL is important to get a good yield for low t events in the radia- 
tive scattering, and also to reduce backgrounds from the decay of unstable 
hadrons by significantly boosting their lifetime. We will measure the •yw and 
7^7 Compton scattering cross sections, thereby enabling determinations of 
the pion and Sigma polarizabilities. E781 will also measure the formation 
and decay of the E~ (1385), I7 + (1385), and ai(1260) excited states. These 
various U and pion experiments will allow serious tests of chiral symmetry 
and chiral perturbation theory; and of different available polarizability and 
radiative decay calculations in QCD. The £ experiments will shed new light 
on puzzles associated with the size of the s-quark magnetic moment. 
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